Recently, a proliferation of athletic supplements has been marketed touting boron as an ergogenic aid capable of increasing testosterone. The effect of boron supplementation was investigated in male bodybuilders. Ten male bodybuilders (aged 20 to 26) were given a 2.5-mg boron supplement, while nine male bodybuilders (aged 21 to 27) were given a placebo for 7 weeks. Plasma total and free testosterone, plasma boron, lean body mass, and strength measurements were determined on day 1 and day 49 of the study. A microwave digestion procedure followed by inductively coupled argon plasma spectroscopy was used for boron determination. Twelve subjects had boron values at or above the detection limit with median value of 25 ng/ml (16 ng/ml lower quartile and 33 ng/ml upper quartile). Of the ten subjects receiving boron supplements, six had an increase in their plasma boron. Analysis of variance indicated no significant effect of boron supplementation on any of the other dependent variables. Both groups demonstrated significant increases in total testosterone (p<0.01), lean body mass (p<0.01), and one repetition maximum (RM) squat (p<0.001) and one RM bench press (p<0.01). The findings suggest that 7 weeks of bodybuilding can increase total testosterone, lean body mass, and strength in lesser-trained bodybuilders, but boron supplementation affects these variables not at all. -Environ Health Perspect 102(Suppl 7): 73-77 (1994) 
Introduction
Boron content in almost all human tissue and body fluids is poorly documented. Early investigations using colorimetry suffered from contamination and other methodologic problems and high values were reported. (Table 1 ).
More recent studies using neutron activation with mass spectrometer, wet-digestion with inductively coupled plasma-mass spectrometry (ICP-MS), and wet-digestion with inductively coupled plasma emission spectrometer (ICP) have all reported lower values. Ward (5), using prompt gamma neutron activation, reported whole blood boron range of 0.14 to 0.74 pg/ml dry weight or approximately 28 to 148 ng/g. Also in 1987, Clarke et al. (6) reported values for whole blood analyzed by a massspectrometric assay of 'helium produced by thermal neutron reaction with '0B. They found a mean boron concentration of 30.8 ng/g with a range of 15.3 to 79.5 ng/g. Abou-Shakra et al. (7) reported whole blood boron on a population of 50 analyzed by wet digestion prior to ICP-MS. They found a median boron value of 56.7 ng/ml, lower quartile 49.2 and upper quartile 72.0, with a range from 8.4 to 170. 4 (Table 1) .
Our interest in boron was stimulated in 1987 when Nielsen et al. (8) reported its effects on mineral metabolism in 12 postmenopausal women. Boron supplementation of 3 mg/day was found to reduce urinary calcium in a low-magnesium diet, and to significantly increase serum estrogen and testosterone.
Athletes involved in weight training for increased strength or muscular size have long sought to enhance their natural testosterone levels. The use of exogenous testosterone, or anabolic steroids, has been the means of choice; however, the dangers and side effects of these steroids are well documented (9) , and the felonious nature of their possession has prompted many athletes to seek safer and more "natural" means of enhancing their testosterone levels. Recently, a proliferation of athletic supplements has been marketed, which tout boron as an ergogenic aid capable of increasing testosterone. The supposed effi- Manufacturers of athletic supplements often market products as anabolic or ergogenic aids based on incomplete scientific investigation. The effect of boron supplementation demonstrated in a small population of postmenopausal women simply cannot be extrapolated to a population of young athletes. Therefore, we conducted a study to examine the effect of a commercially-produced boron supplement in healthy, male weightlifters on plasma free and total testosterone, plasma boron, lean body mass (LBM), and strength values (10) .
Methods

Subjec and Tinng
Nineteen male weightlifters volunteered to participate in this study. All the subjects had been weight training for their own conditioning purposes at least 1 year prior to the study. Each subject outlined his training regimen in a prestudy questionnaire and was instructed not to change his existing regimen for the study. The subjects weight trained 4 days a week throughout the 7 weeks of this study using their own bodybuilding protocols. No subject had used anabolic steroids within a 6-month period prior to the start of the experiment.
Subjects were randomly placed in a double-blind fashion into one of two groups. The experimental (boron) group (n = 10) received a commercial boron supplement and the control group (n = 9) a placebo (milk protein). Both groups were given a total of 49 tablets and instructed to take one tablet per day. Compliance for both groups was monitored through supplement counts at the end of the study period.
All boron and placebo tablets were from the same manufactured lots. Both were analyzed for boron content.
Experimental Procedures
A 3-day dietary record was collected over the first 3 days and last 3 days of the study to assess nutritional intake of the subjects. Diets were analyzed for nutrient composition utilizing the Nutritionist III food/nutrient data base. Subjects were instructed to continue their normal dietary habits but were told to refrain from taking any vitamin-mineral supplements or athletic supplements 3 weeks prior to initiation of the study.
Initially and following the supplementation period, subjects were weighed hydrostatically for determination of lean body mass. Blood was drawn on days 1 and 49 between 0830 and 0930 from the antecubital vein for determination of plasma boron and testosterone. Blood was drawn on day 49 within 15 min of the time blood was drawn on day 1. Venous blood was collected into nonborosilicate vacutainers with EDTA tubes for plasma analysis of free and total testosterone. Blood was collected into sodium-heparinized tubes for blood boron analysis. All blood was centrifuged at 3500g for 15 min. Plasma was pipetted into acid-washed (HNO 3) polypropylene tubes, capped and frozen at -50'C until analysis. Free and total testosterone were determined by commercial RIA Coat-A-Count method (Diagnostic Products Corporation, Los Angeles, CA). Each sample was analyzed in duplicate.
Strength values were determined at a local gym. Strength scores were determined by the one repetition maximum (1 RM) in the bench press and back squat.
A microwave digestion technique was developed for sample digestion prior to plasma boron analysis (11) . The microwave digestion system (CEM Corp., Matthews, NC) was equipped with a 600-W magnetron power source that is adjustable in 1% increments. The system included a rotating turntable, a fluoropolymer casted heating chamber, and high-volume exhaust blower. Time and power source were controlled by a programable microprocessor. Digestion was carried out in 120-ml Teflon PFA vessels with relief valves. The Teflon PFA vessels were sealed, using a capping station, to 12 ft lb torque for proper valve operation.
Acids used for digestion and ICP rinse solution were double-distilled from vycor ultrapure nitric (15.8 N) or hydrochloric (6 M) . Water used for rinse and dilution was deionized and tripled-filtered, 17.8 MQ/cm, and boron content below detection limit.
For blood digestion, the digestion vessels were weighed to four decimal places and approximately 4 ml (g) of plasma sample was transferred directly to the vessel by Eppendorf pipette with metal-free disposable tips. Two ml of concentrated (15.8 N) nitric acid was then added to the vessel. The safety valve and cap were placed on the vessel and tightened using the capping station. Vessels were placed into the rotating turntable of the microwave.
Four cycles of digestion in the microwave were required. The first cycle was programed for 4 min at 75% power, followed by 8 min at 50% power, and finally 5 min at 0% power for cooling. Cycles 2 to 4 entailed 4 min at 100% power, followed by 8 min at 50% power, and finally 5 min at 0% power for cooling. The four cycles were required to insure the complete digestion of analyte to a clear yellowish fluid. Vessels were vented after each cycle to prevent "blowing" of the pressure relief disc and the concomitant sample loss.
Following the fourth digestion cycle, the vessels were removed, vented and allowed to cool to room temperature for 30 min, and then opened before weighing. The difference between total-vessel weight and digestion-vessel weight was used to adjust the total weight of the solution. This procedure minimized sources of contamination. Digested samples were transferred directly to acid-washed polypropylene syringes and micron filtered directly into the ICP autosampler.
Boron content of samples was determined with a Plasma II Inductively Coupled Plasma Emission Spectrometer (ICP). Prior to analysis, an optimization was accomplished [using a 1 ppm (pg/ml) boron standard as described previously (11)] for power setting, nebulizer flow rate, and viewing height above plasma.
The Plasma II ICP was allowed to achieve a stable plasma by operating for 1 hr prior to analysis. Because of the tenacity of boron and the high acid content of the plasma samples, all nebulizer and peristaltic tubing was replaced every 8 hr. A new quartz autosampler probe was installed prior to the boron analysis.
Rinse solution was placed in a plastic nitric acid-wash beaker. Solution height in the rinse beaker was maintained above sample height to alleviate sample-to-sample contamination.
The limit of detection was determined according to the test method of the U.S. Environmental Protection Agency. Seven consecutive measurements were obtained on a 0.05 pg/ml boron standard. A detection limit of 12 ng/ml was determined by multiplying the standard deviation of these seven measurements by 3 mean of 0.56 ± 0.08 pg/ml and a CV of 13.7%. The mean recovery was 1 0%. Blank spikes of 50 ng/ml resulted in a 92.7% and 98% recovery, this indicates minimal volatilization of boron by these procedures.
Six determinations of the pooled plasma on different days ranged from 16 to 26 ng/ml with an average of 22 ng/ml. Of the 19 subjects tested, 12 had detectable concentrations of boron ranging from 14 ng/ml to 39 ng/ml, with a median of 25 ng/ml. Changes in the dependent variables are consolidated in Table 4 . ANOVA revealed a significant increase (p<0.01) in lean body mass (LBM) for all subjects as a result of 7 weeks of weight training; however, there was no significant difference resulting from boron supplementation. Body fat percentages decreased slightly in both groups but the difference was not statistically significant.
Because of injuries, not all subjects were able to perform posttest 1 RMs. Strength values reported are for subjects who completed both the pre-and posttest squat or bench press. In the squat, both the experimental mean (n = 9) and the control group mean (n = 6) increased from pretest to posttest. This increase was significant (p<0.001) in both groups and therefore was probably the result of 7 weeks of training (ANOVA). For the bench press, the experimental group mean (n = 9) and the control group mean (n = 9) increased from pretest to posttest. This increase was again significant (p<0.01) in both groups as a result of 7 weeks of training (ANOVA). There were no statistical differences in one repetition maximum for the squat or the bench press between groups as a result of boron supplementation.
Total testosterone values for all subject values were within the normal range of 2.7 to 10.7 ng/ml. The experimental group's mean total testosterone increased from pretest to posttest, as did the control group's. Total plasma testosterone was not significantly different between groups as a result of supplementation (ANOVA), but significantly increased in both groups with 7 weeks of training (p<0.0 1).
Free testosterone values ranged from 5.44 to 34.67 pg/ml, which is within the most reliable portions of the calibration curve. One value was discarded in the experimental group because of an inaccurate assay value. Plasma-free testosterone was not significantly different between (13) and 10 weeks (14) of weight/strength training in 8 and 26 males, respectively.
The absence of change in free testosterone is in agreement with the literature as well (15, 16) . The increase in plasma testosterone was evident in both groups in this study, so it cannot be attributed to boron supplementation. The subjects displayed a high level of motivation and training intensity; therefore, the testosterone increase was probably the result of bodybuilding training. A significant increase (p<0.05) in serum total testosterone was noted in subjects of similar training status after 8 weeks of training (17) .
Despite the overall increases in both group means of total testosterone and strength parameters as a result of training, there was no correlation between the increase in muscle strength and plasma testosterone values. Therefore, the increase in strength parameters was most likely the result of a concentrated bodybuilding training program.
It (Table 5) . Because compliance was >90% in the experimental group, and the experimental group displayed a significant increase in plasma boron, it can be concluded that 7 weeks of supplementation is capable of elevating plasma boron. It is noteworthy that seven members of the control group had plasma boron values at or below the detection limit; only five had pretest values below detection limits. The decline in posttest control values may be the result of one or more factors. Inductively coupled plasma emission spectrometer analysis near the detection limit often resulted in negative values. Each plasma sample was evaluated by three separate readings and a negative value was averaged with the remaining values as a "zero."
Another factor affecting plasma boron may have been a fluctuation in boron intake. A national data base for boron in foods and personal care products has not been established; therefore, it is not possible to quantify boron intake.
Also, plasma boron may have declined because of training. Although subjects were asked not to change their training regimens for this study, it is not certain whether their increased training intensity during the study contributed to the decrease in posttest plasma boron values. Though not employed in the present study, a crossover design would have further clarified the influence of training on plasma boron.
The proposed efficacy of boron as an ergogenic aid is based on its ability to increase testosterone. Nielsen et al. (8) proposed that the increase in serum testosterone and P-estradiol demonstrated in 12 postmenopausal women was the result of an endocrine mechanism. However, boron supplementation did not increase plasma testosterone in young males in the present study.
